Maungatautari is an extinct, andesitic-dacitic composite cone situated 70 km northwest of the Taupo Volcanic Zone, New Zealand. This study examines the volcanic history and petrologic evolution of Maungatautari using field mapping, descriptions and petrography of pyroclastic successions and lavas, combined with whole rock elemental and isotope analyses of selected lavas. Lavas consist of non-vesicular labradorite, pyroxene and hornblende andesites and hornblende dacites with a small cone of olivine basalt located at Kairangi, 7 km to the northwest. Whole rock geochemical and strontium and neodymium analyses demonstrate that these lavas were derived from at least three distinct mantle-melt sources. Mass-wasting processes continue to shape the mountain post volcanic activity and include catastrophic failure of the north-eastern flank which produced a 0.28 km 3 rock avalanche deposit. This study considers Maungatautari to reflect andesitic volcanism occurring along the edge of the continental tip of the Colville volcanic arc c. 2 Ma.
Introduction
The Taupo Volcanic Zone (TVZ) in the North Island of New Zealand is the most recent manifestation of arc-related volcanism which has migrated south and eastwards over the past 16 million years (Wilson and Rowland 2016) . This migration is represented by deeply eroded volcanic centres of early-Miocene to Pleistocene age, which crop out from Northland, along the Coromandel Peninsula and into Tauranga and the western and central Waikato Region (Briggs et al. 1989; Hayward et al. 2001) . In addition to arcrelated volcanism, spatially and temporally related intraplate basaltic fields are also spaced throughout the upper North Island (Briggs and McDonough 1990) .
Maungatautari is an extinct, andesitic-dacitic composite cone situated 35 km southeast of Hamilton within the Waipa District, Waikato (Fig. 1) . With a single radiometric age date of 1.8 Ma (Robertson 1983 ), activity at Maungatautari was contemporaneous with subduction-related volcanism of the nearby Alexandra Volcanics and the early Taupo Volcanic Zone. While volcanism at Maungatautari was previously addressed in the context of the broader volcanic geology of the Waikato region (Olson 1950; Kear 1964; Cole 1978) , the only dedicated volcanic study conducted by Briggs (1986a) provided insight into the chemical composition and origin of the magmas.
Here we examine the volcanic history and petrologic evolution of Maungatautari using geological and geomorphological mapping, facies analysis and petrography of new exposures combined with whole rock elemental and isotope analyses of selected lavas. This paper integrates geological, geomorphological, volcanological and geochemical aspects of the mountain into one study to build on previous work, re-evaluate the volcanic history of Maungatautari and provide new insights into how Maungatautari relates to Early Pleistocene volcanism elsewhere in the Waikato region.
Geomorphology and regional geology
Roughly circular in shape, Maungatautari is 6-8 km in diameter at its base. Rising to 797 m above sea level, it is the second highest volcano of the Waikato region after Mount Pirongia of the Alexandra Volcanic Group (Fig. 1) . The mountain is typified by sharply convex ridgelines with steep (>25 o ) slopes in the upper portions of the mountain grading down flank to more rounded, gentle to moderate (6-25 o ) slopes. The flanks are dissected by deeply incised gullies, with those of the Ruapeka and Mangapiko and the Mangaohoi and Mangakara streams (Fig. 2) on the northwestern and southern slopes, respectively, being especially broad and well developed. The volcanic vents of Kairangi, Oreipunga and an inferred eroded summit vent centred near Maungatautari Trig display a distinct northwest alignment, a trend well recognised in the nearby Alexandra and Kiwitahi volcanic groups.
Maungatautari overlies Jurassic Manaia Hill group rocks of the Waipapa Terrane and abuts a range of the same rocks immediately to the west (Fig. 2 ; Leonard et al. 2010) .
To the north, east and south, it is surrounded by a thick (>100 m) ignimbrite plateau which overlies the lowermost flanks of the mountain and is comprised of deposits of the Pakaumanu Group, which includes the Rocky Hill and Kidnappers (Raepahu Formation) and the Ahuroa (Mangaokewa Formation) ignimbrites, originating from the Mangakino caldera to the southeast (Olissoff 1981; Leonard et al. 2010) . A new geological map, presented here (Fig. 2) , is mostly consistent with that of Leonard et al. (2010) , except that the extended ring plain of lahar deposits of Healy et al. (1964) and Leonard et al. (2010) which have been mapped to the north and encircled the mountain has been replaced here with undifferentiated Pakaumanu Group Ignimbrites. This variation from previous geological maps reflects field evidence of channelised lahar deposits, consistent with Briggs (1986a) and stratigraphic logs of water bores from Waikato Regional Waikato Regional Council (n.d).
Much of the Maungatautari edifice remains undifferentiated due to limited outcrop exposure and as such the correlation of units has not been attempted. Observed outcrops consist of a variety of volcanic and mass wasting deposits, including lavas, volcaniclastic and hydrothermal breccias, and pyroclastic deposits.
Maungatautari Lavas
Across the Maungatautari edifice, exposed lavas are generally non-vesicular, porphyritic andesites and dacites with varying amounts of plagioclase, clinopyroxene, orthopyroxene and hornblende phenocrysts and xenoliths. Olivine basalt was obtained from the nearby cone of Kairangi, located 7 km to the northwest. Kairangi cone is compositionally distinct from the range of lava compositions found across Maungatautari but has been included in this study as the petrogenetic relationship between the two volcanoes has not previously been fully explored.
An outcrop of hornblende dacite located at Rocky Outcrop (Fig. 2) represents a late-stage dike, consistent with the radial dikes of Little Rock, Hook Nose (Olson 1950) and Te Akatarere (Briggs 1986a ). (1978) and Briggs (1986a) . Olivine basalt, found exclusively at Kairangi cone, contains abundant olivine phenocrysts that are visible in hand specimens. The andesites and dacites of the Maungatautari volcano sensu stricto are separated into: labradorite andesites, defined as containing total modal plagioclase > pyroxene; pyroxene andesites have total modal pyroxene >15 %; and hornblende andesites and dacites containing significant hornblende also visible in hand specimen. Representative modal analyses of lavas sampled in this study are presented in Table 1 .
Petrography and mineralogy
Phenocrysts are set in a fine grained, plagioclase lath-dominated groundmass with intergranular, intersertal, trachytic and hyalopilitic textures. Plagioclase is the most abundant phenocryst phase in all Maungatautari lavas, comprising from 18 to 37% of the whole rock with sizes typically 1.5-2 mm. A few megacrysts, were found to be as large as 2.5-3 mm in size. Oscillatory zoning and sieve-textures are common reflecting multiple crystallization histories.
The abundance of total pyroxene ranges from <1-18% of the whole rock with orthopyroxene always subordinate to clinopyroxene. Crystals of both pyroxenes are euhedral to subhedral with sizes typically in the range of 0.5-1.25 mm, with rare crystals up to 2 mm observed.
Hornblende occurs predominently in Maungatautari dacites, but it is also found in some andesites, indicative of the hydrous nature of the magmas. Crystals are elongate and are <2.5 mm in length with modal abundances of up to 19%. Many crystals show alteration to fine-grained aggregates of Fe-oxides and/or pyroxene with some being completely pseudomorphed. This style of crystal decomposition is related to decompression related dehydration as the melt ascends through the upper crust prior to, or during eruption (Gill 2010).
Pyroclastic deposits
This study is the first to document a record of explosive volcanism at Maungatautari.
Two successions named Quarry #34 (Q34) and the Summit Quarry (SQ) ( 
Facies C -Massive coarse tuff
The two very thin beds (0.015-0.03 m thick) of facies C, were characterised as laterally continuous, red-coloured, massive, well sorted coarse tuff ( Fig. 5a ). This facies was only present at Q34 and directly overlies units of facies A (Fig. 3) .
Facies D -Non-welded massive lapilli-block tuff
This facies comprises SQ1 of the SQ succession ( Fig. 4 ) and consists of a red-coloured, matrix-supported, non-welded, massive lapilli-block tuff (Fig. 5c ). It is distinguished from the massive lapilli tuff of facies A by a significantly higher proportion of angular blocks and ash matrix, estimated in the field to be 5-7% and 60-70% of the bulk deposit respectively.
Facies E -Massive and poorly sorted silty sandy gravel, with reversely graded blocks The upper stratigraphic interval at SQ (unit SQ3, Figs. 4, 5d) , consists of reversely graded blocks of non-vesicular, porphyritic hornblende-rich andesitic-dacitic lavas within a massive and poorly sorted (silt-pebble sized) matrix. The lensoidal geometry of this unit, lack of juvenile clasts, distinctive matrix texture and the distinct fines-rich base distinguish this facies from those previously described.
Componentry
Componentry was determined by field and petrographic observation. The major components of the eruptive deposits are lapilli to block sized pyroclasts comprising a mixture of (i) crystal-rich, vesicular and non-vesicular juvenile clasts, (ii) dense lithics of angular fresh, weathered and/or hydrothermally-altered andesite-dacite lava, and (iii) within units QT1 and QT3 at Q34, sub-rounded fragments of poorly sorted fine-grained sandstones. Clasts are contained within a non-welded, crystal-and lithic-rich coarse tuff matrix, except for facies E which is more poorly sorted.
Juvenile clasts include both vesicular and non-vesicular, hornblende-rich clasts which range from 2-3 cm to 20 cm in diameter. In both types, the dominant phenocryst mineral phases are plagioclase along with hornblende, rare pyroxenes and disseminated opaque minerals. Lithics include angular fragments of fresh, weathered and/or hydrothermally altered, dense, porphyritic andesite-dacite lavas and greywacke.
Individual clast sizes range from 1-2 cm to up to ~ 8 cm or 21 cm in diameter. Lithics of greywacke were found within units QT1 and the lower half of unit QT3, 1-2 m above ground level at Q34. Lithics of basement lithology were not observed within the deposits at SQ.
Rock avalanche deposits
On the northeastern flank of Maungatautari (Fig. 2) , a 0.28 km 3 rock avalanche is characterised by a horse-shoe-shaped, steep-sided break-away scarp and large hummocks which cover a depositional area approximately 1.6 km 2 in size, extending to the northeast. 
Hydrothermally-altered zones
A localised area of hydrothermally-altered andesite is located within the headwaters of the Mangakara Stream in a pit excavated in the late 19 th or early 20 th century during gold prospecting (Fig. 2) . In-situ fluid-assisted brecciation has fragmented the host lava creating a mosaic-like texture of angular clasts, 1-4 cm in size with relict 
Geochemistry of lavas

Analytical methods
Major element geochemical analysis was conducted using the Bruker S8 Tiger X-ray fluorescence spectrometer at the University of Waikato. Major element abundances cited in the text and shown on diagrams were recalculated to total 100 wt % on an anhydrous basis. Trace and rare earth elemental analysis employed LA-ICP-MS where samples were prepared using the method outlined by Eggins (2003), which utilises lithium borate glass fusion beads following standard preparation procedures for XRF analysis. Trace elements that were determined by LA-ICP-MS are listed in (1989) suggests it reflects the recycling of crustal materials within the upper mantle. The samples in this study were collected from opposing sides of the mountain removed from any locations of known hydrothermal activity and show no evidence of weathering or major element mobility. As such, the data has been retained for the purpose of this study.
Isotopic ratios for samples from across the main edifice (GF006, MRd020, ORE039b and ORE040) show little spread and are comparable to those of the Coromandel Volcanic Zone (Fig. 12 ). The hornblende andesite and dacite (samples ORE040 and ORE039b respectively) have lower Nd and higher Sr ratios than the pyroxene and labradorite andesites and are displaced towards typical compositions of the Waipapa terrane metasedimentary basement rocks.
The olivine basalt from Kairangi (KSC001) is consistently isolated from the general trends described above and plot as alkali basalts using the Nb/Y classification diagram of Winchester and Floyd (1977) . A distinction is also observed within the REE and multi-element diagrams (Figs 9 and 10) where the basalt is not as enriched in LIL elements and has a less pronounced negative Nb anomaly. 143 Nd/ 144 Nd and 87 Sr/ 86 Sr isotopes are significantly higher at 0.512849 and 0.703850, respectively, which overlap with the Alexandra Volcanic Group and approach the intraplate magmas of the Okete field ( Fig. 12) . Thus, the olivine basalt is not petrogenetically related to the fractionating andesite and dacites of the Maungatautari system.
Discussion
Eruption styles
The products of effusive volcanism dominate preserved deposits across the Maungatautari edifice as they are often more resistant to erosion than those from explosive eruption styles. However, the two pyroclastic successions (Q#34 and the SQ) These successions demonstrate a complex, multiple phase eruption history which included cycles of dome growth and collapse, and the repeated production of eruption columns from associated vulcanian to sub-plinian style activity which created numerous PDCs. This activity was likely centred at a now-eroded summit vent and occurred over a period of days, weeks or months.
Petrogenesis of magmas
The decoupled LIL/HFS pattern and Nb trough in the mantle-normalised multi-element diagram (Fig. 10) , is a distinctive feature of subduction zone magmas. The progressive decline in abundance of Fe2O3, CaO, MgO and TiO2, with concurrent increases in Na2O and K2O with increasing SiO2 content, implies, at least qualitatively, that the evolution of Maungatautari lavas was dominated by the fractional crystallisation of a parent magma.
Fractionation modelling by Briggs (1986a) (Fig. 9 ). As such, they are considered here to be evolved magmas following The Kairangi olivine basalts have markedly different multi-element patterns being less enriched in LIL elements with a less pronounced negative Nb anomaly (Fig. 10) . The smoother pattern in the multi-element diagrams is more reflective of intraplate over subduction-related melts (Winter 2014 ) and excludes the Kairangi olivine basalt from being the primary magma for Maungatautari.
Local and regional geochemical affinity
Currently, Maungatautari is considered as a subduction-related volcano situated behind the volcanic front active approximately 1.8 Ma (Briggs 1986a ). However, the trace and rare earth element geochemical data presented in this study have provided new insight into the relationship between Maungatautari and the other volcanic centres active c. 2 Ma.
The main fractionating system that produced magmas at Maungatautari have multi-element and REE patterns that bear a striking resemblance to those from the Coromandel Volcanic Zone and Ruapehu (Fig. 13) . A similar pattern is also seen within the Alexandra and Taranaki magmas with positive anomalies in Ba and Sr being attributed to crustal level processes influencing subduction magma genesis set behind the volcanic arc front (Price et al. 2016) . With negative Ba and Sr anomalies, Maungatautari multi-element and REE patterns and Sr and Nd isotopes, best reflect those from Coromandel Volcanic Zone and Ruapehu. They are therefore interpreted to represent volcanism associated with the main volcanic arc, which extended south from Tauranga to Maungatautari into continental New Zealand during this time (Fig. 14) , and are inferred to represent the southernmost expression of arc-related magmatism within the North Island of New Zealand at this time.
The near-by Alexandra Volcanics consisted of contemporaneous, behind-arc subduction-related volcanism, the nature of which was first proposed by Briggs et al. (2013) . The alkali olivine basalt at Kairangi displays a distinct intraplate signature and is therefore unrelated to magmatism at Maungatautari although the exact temporal relationship between the two magmatic series remains uncertain as the date range for Maungatautari volcanism remains poorly constrained. The coeval occurrence of intraplate alkali basalts alongside subduction-related magmas is well documented within the nearby Alexandra and Okete volcanic groups (Briggs et al. 1989; Briggs and McDonough 1990) , although the mechanisms which result in the occurrence of two contrasting magma series within a clearly convergent tectonic setting remains uncertain.
Interpretation of the volcanology and evolution of Maungatautari
Age data for Maungatautari is limited and as such, the volcanic evolution of Maungatautari area is based on the stratigraphic relationships between the underlying basement rocks, the Maungatautari volcanic succession and the onlapping ignimbrite succession and mass wasting events.
Early volcanism within the Maungatautari area included the eruption of alkali olivine basalt 2.62 Ma (Briggs et al. 1989) Catastrophic failure of the northeastern flank produced a 0.28 km 3 rock avalanche deposit characterised by large hummocks that cover a depositional area approximately 1.6 km 2 in size, and associated landslide scarp.
Volcanism at Maungatautari is interpreted to be part of the Colville volcanic arc, which extended south from Tauranga to Maungatautari into continental New Zealand c.
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